Short-term zinc deficiency inhibits chondrocyte proliferation and induces cell apoptosis in the epiphyseal growth plate of young chickens.
The purpose of this study was to investigate the effect of zinc deficiency on chondrocyte proliferation, differentiation and apoptosis in the epiphyseal growth plate of juvenile chickens. Newly hatched broiler chickens were fed either a low zinc (10 mg/kg diet) or a zinc-adequate (68 mg/kg diet) soy protein-based purified diet. Cell proliferation in the growth plate was evaluated with bromodeoxyuridine (BrdU) labeling. Apoptosis was assessed using the terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) method. Chondrocyte differentiation was evaluated with immunostaining of osteonectin as a marker of maturation. As early as d 3 of feeding, zinc deficiency significantly inhibited chondrocyte proliferation, promoted cell differentiation and induced cell apoptosis in the growth plate. These effects were manifested primarily in areas remote from the blood supply. Immunostaining for local growth factors such as insulin-like growth factor-1 (IGF-1), parathyroid hormone-related protein (PTHrP) and fibroblast growth factor-2 (FGF-2) did not reveal any differences between growth plates of zinc-deficient and zinc-adequate chickens after 3 d of feeding. By d 7, severe growth plate lesions characterized by reduced cellularity and abnormally shaped cells were formed in areas remote from blood vessels. Immunoreactive IGF-1, PTHrP and FGF-2 were all greatly reduced in the lesion. However, the growth rate and food intake of zinc-deficient chickens were not different from those of the controls during the 7-d experiment. Therefore, a direct effect of zinc deficiency on proliferation, differentiation, and apoptosis of growth plate chondrocytes was indicated.